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GEOSITE: Geotechnical Site Investigation Methods; User's Guide (CR DRP-95-1) •

ISSUE: The objective of a geotechnical site The KBES described in this report is an out-
investigation for a dredging project is to ob- growth of a Dredging Research Program
tain the most complete and accurate estimate (DRP) work unit that involves the develop-
of the location and character of the materials ment of geotechnical descriptors to indicate,
to be dredged that is possible within the limits or infer, dredgeability of sediments to be
of available time, money, and practicality, dredged. The initial knowledge base was
The data from a site investigation are summa- based on literature surveys, personal experi-
rized in a predicted geotechnical subbottom ences, and comments made during several
piofile. The amount to be spent on a site inves- workshops.
tigation is directly related to the amount that
the bid price and the total cost involved in SUMMARY: The GEOSITE program pro-
processing claims for changed conditions can vides guidance, from geotechnical engineer-
be reduced by the availability of a compre- ing experts, for the selection of equipment and
hensive geotechnical site description, methods for a subsurface investigation of an

individual exploration site for a dredging pro- 0 0
RESEARCH: Knowledge-based expert sys- ject. It is intended to be used by engineers, es-
temns (KBES) are computer programs that use timators, and contractors, serving as a per-
a knowledge base of expert-derived rules for sonal geotechnical engineering consultant.
providing guidance. Ruies in the knowledge AVAILABILITY OF REPORT: The report
base are in the form of "IF-THEN" statements available OF h the r ert
that can incorporate judgement, experience, is available through the Interlibrary Loan Ser-
empirical rules of thumb, intuition, and other vice from the U.S. Army Engineer Waterways
'6if"irfiie as well as proven functional relation- Experiment Station (WES) Library, telephone
ships and experimental evidence. The data- number (601) 634-2355. National Technical
base of rules of a KBES is independent of the Information Service (NTIS) report numbers
inference engine (program control); therefore, may be requested from WES Librarians. •
the ability to add new or expanded .wowledge To purchase a copy of the report, call NTIS at
to the knowledge base is a major feature of a (703) 487-4780.
KBES.
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I Introduction

This users's guide contains instructions for installing and using GEOSITE
(GEOtechnical SITE investigation methods), a knowledge-based expert systen
(KBES). The two diskettes for the Microsoft Windowsý version of GEOSITE
are included with each copy of the user's guide; a limited number of the
MS-DOS® version are available on request to Ms. Gloria Naylor, Scientific and
Engineering Applications Center, Information Technology Laboratory, U.S.
Army Engineer Waterways Experiment Station, Vicksburg, MS 39180
(CEWES-IM-DS).

Objective of GEOSITE

The objective of GEOSITE is to provide guidance, from geotechnical
engineering experts, for the selection of equipment and methods for a subsurface * *
investigation at an individual exploration site for a dredging project. It is
assumed that the number and locations of the exploration sites have previously
been established and that there is a general knowledge of the types of sediments
expected to be present at the site. Only for the purpose of this program, the term
"sediment" is used to mean all bottom materials to be dredgea4 including
unconsolidated sediments (soil) and hard materials (cemented soils, rock, coral,
etc.)

The GEOSITE program recommends: (a) sediment sampling methods,
(b) in-situ strength testing methods, considering all of the appropriate sampler/
testing method combinations, (c) methods for accessing the sampling/testing
depth, (d) suitable field work platforms, and (e) material identification tests. The
reasoning for the recommendations is given in "Discussion" texts.

GEOSITE is primarily intended to be used by persons familiar with basic

geotechnical site investigation and testing methods, such as a Corps of Engineers
civil engineer or engineering geologist. GEOSITE may also be useful to
dredging contractors, either for internal use or for use by a private geotechnical
firm in their employ.

Two parallel and equal versions of the GEOSITE program have been
developed. One operates in the conventional Microsoft Disk Operating System
(MS-DOS)o environment and the other runs under the Microsoft Windowse

environment. Knowledge databases, control programs, and inferencing
mechanisms for both versions are identical. Input and conclusion screen displays

Chapter 1 Introduction
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are also identical, except that the screen displays in the MS-DOS version are
character-based and in the Microsoft Windows version they are graphics-based.

Both the Windows and the MS-DOS versions are user friendly and support 0
mouse input. Input is provided through a group of consultation screens, each
containing a question with multiple choice answers. Answers and/or screen
controls are selected by mouse-pointer clicking or by using keyboard arrow keys
and keystroke combinations. This eliminates the need for the user to type most
words or numbers for data input during guidance sessions. This is intended to
accelerate the input process, eliminate typographical errors, and facilitate the use
of the system by non-typists. The path through the input screens is not pre-
defined; the question asked on each new screen is the result of the specific
answer to the question posed on the previous screen(s).

Program Overview

.0 i' The first step in any geotechnical site investigation is the assembly and
evaluation of all prior information about the proposed dredging site. This
information is used to develop a temtative geotechnical subsurface profile.
Sources of prior infomiation include a review of existing geological and
geotechnical data from the vicinity of the project site and may include a
geophysical survey of the site. The number and location of exploration sites is
selected, based on a number of factors, including site variability. Therefore, at
any exploration point where a pit or boring will be made, a general idea of the * *
"stratigraphic profile already exists in the mind of the evaluator, even if it is
erroneous.

The consultation process of GEOSITE starts with the assumption that the
stratification is moderately well known. It is reasonable to require this
assumption; this demands that every effort be made to assemble and evaluate the 0
pre-existing information and to use geophysical surveys wherever they are
feasible. The choice of specific primary sediment types from the expected
profile causes GEOSITE to limit its consultation advice only to those topics that
apply to those sediment types and to exclude all others. If, in the field, the
profile expectation is found to be wrong, then a return to the program for
re-evaluation with the updated information will be necessary. Four separate
exploration objectives are provided in GEOSITE:

a. REGULAR (Complete) INVESTIGATION-Thn selection of sampling
and testing methods for in situ strength and material identification
propeaies.

b. LIMITED TO DENSITY TESTING ONLY-The selection of field
sampling and testing methods for in-situ density evaluation only.

c. LIMITED TO FINDING ROCK SURFACE ONLY-The selection of
methods useful in the search for the surface of a hard layer or rock below
soil overburden.

2 Chapter 1 Introduction
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d. LIM41TED TO MATERIAL IDENTIFICATION TESTSa

ONLY-Recommended Jaboratory and/or field expedient zests for
material identification properties. This option is also included as part of &
the REGULAR INVESTIGATION program. 0

Regular investigation

The Regular, or Complete, Investigation objective starts with selection of
sediment type. This causes GEOSITE to display a screen of all generic sediment
samplers and a description of their suitability for that sediment type. One of the
samplers is selected and the next screen displays a choice of field or laboratory

A (or none) strength testing methods. This choice leads to a screen containing
strength test methods and their suitability for the combination of sediment type
and sbmpling method. The screen also displays, for each test method, a
Confidence Factor and a Utility Factor (defined below). If desired, the contents
of this screen may be printed in report formn for filing.

If desired, the user may then return to previous screens for advice on a
different combination. Or, once a sampler and test method are chosen, further
guidance is given for methods to access sampling-testing depth, for field work
platforms, and for material identification tests.

Density testing only

The Density Testing Only objective starts with a selection of one of the
sediment types expected in the sediment profile. GEOSITE then provides
guidance on the suitability of various methods for determining the in-situ
density. Most of the methods are different from methods used for sampling
and/or strength testing.

Rock surface only

The Rock Surface Only objective starts with selection of the sediment type
that forms the overburden for the rock or hard surface to be located. Guidance is
then given about the suitability of various methods for locating the surface of
rock or a hard layer.

Material Identification tests only

This option is available for the user that simply wants guidance on material
identification tests that are appropriate for identifying, describing, and possibly
classifying a disturbed sample. It is also included as part of the sequence of
guidance screens in the "Regular Investigation" objective.

00



Background

The KBES computer program described herein was developed as part of the
USAE Waterways Experiment Station (WES) Dredging Research Program
(DRP) Work U. No. 32471, "Descriptors for Bottom Sediments to be
Dredged." The objective of the work unit is to develop standard
dredging-related geotechnical descriptors for indicating, or inferring, the
dredgeability of sediments.

A KBES such as GEOSITE can serve a continuing need in one or another of
three situations:

a. As a guide, or computerized mentor, for those persons lacking knowledge
ar i experience in the geotechnical site investigations for dredging
projects.

b. As an educational aid in the training of geotechnical engineers and
engineering geologists to become involved in dredging project subsurface
investigations.

c. For peer review, where knowledgeable and experienced personnel can
consult with other experts for review, and as a check on their own work.

Outline of This User's Guide * •

Chapter 2 gives installation instructions for piacing the Windows version
and/or the MS-DOS version of GEOSITE on the user's hard disk.

Chapter 3 contains operating instructions for the GEOSITE program. Each of
the data selectien (input) display and conclusion display screens is discussed and
a description of the discussion (help) screen system is presented.

Chapter 4 presents a brief discussion of three background topics for users of
the GEOSITE program. First, there is a general discussion of knowledge-based
expert systems and the manner in which they function. Second, the rationale for
selecting a relational database management system as the expert system
development shell is presented. Third, the relationship of a KBES with a printed
report is examined.

Chaptk: 5 discusses potential future modifications to the GEOSITE program. 0
The requested review information is intended primarily for use by the
programmers and administrators of the development version of GEOSITE.

Chapter I Introduction
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2 Installing GEOSITE

There are two equivalent versions of the GEOSITE program: the Windows
"version and the MS-DOS version. The versions differ only in the format of the
display screen files. The Windows version screens are graphics-based and the
MS..DOS version displays are character-based. Because of Iis graphical0
environment, the Windows version of GEOSITE contains graphics that are not
available in the current MS-DOS version. The user may install both versions on
the same computer, but in different directories.

(NOTE: DO NOT place the DOS version riles in the same directory as the
Windows ver-sion because they use screen file names in common. This will
cause malfunction of the programs.)

Appendix A contains a listing of all files contained on the distribution
diskettes for the Windows version and the DOS version of GEOSITE.* *

System Requirements

Suggested minimum equipment requirements are:

a. 80386SX processor, or higher.

b. Mouse (not absolutely necessary for DOS version, but highly useful).

c. Minimum of 4 MB RAM (preferably 6 for the Windows version). 0

d. MS-DOS version 3.1 or higher.

e. For the Windows version, Microsoft Windows version 3.1 or higher
running in 386 enhanced mode.

fAt least 6 MB of free hard disk space for the Windows version. At least 4
MB of free hard disk space for the DOS version.

8. Standard VGA monitor (640 x 480 pixels). NOTE: The Windows version
uses color graphics and the DOS version contains color screens. A 0
monochrome monitor can be used but the images will be displayed in
black and white. Other color monitors, such as SVGA, may be used but

Chapte 2 IiteUWngGEOSITE 5
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display quality may be affected. (if difficulty is encountered, see
discussion below.)

Hard Disk Installation-Windows Vel sion

The Windows version of GEOSITE is contained in two 3.5-in. high-density
(1.44-MB) diskettes. The following steps should be taken to install the Windows
(graphics-based) version of the program on a hard disk: 1

a. Insert Disk No. 1 of the GEOSITE (Windows version) diskettes in drive A
(or drive B).

b. Start Windows (refer to the Microsoft Windows user's manual if
necessary) or OS/2. In the Program Manager window, click the mouse
on FILE. In the FILE menu, click the mouse on RUN.

c. In ,ý.j RUN window command line, type A:\SETUP (or B:\SETUP); then
click on OK.

d. The Setup program may take several minutes before the SETUP window
appears. The files on the diskettes are compressed and are being
decompressed. Be pu lient; do not reboot the computer.

e. When the Setup window is displayed, the user is asked to confirm, or to * •
change, the hard drive letter, the directory name, and the Program Group
in which to place the GEOSITE icon. After this choice, Windows
continues loading the program, asking for the next disk at the appropriate
time.

f At the completion of the setup (file decompression and loading) process,
Windows places an icon marked "GEOSITE" in the chosen Program
Group. If you wish to change the icon, refer to the Windows manual for
instructions.

Possible Video Problem-Windows Version

The Windows version of GEOSITE was developed, using FoxPro for
Windows, on a personal computer with a true VGA video graphics card (640 x
480 pixels resolution and 256 colors). Some computers, such as Gateway 2000
and Dell, use proprietary video graphics cards capable of displaying various
resolutions and numbers of colors. Those computers may not function properly
when large size graphics arc displayed by FoxPro and may terminate the
application with an error message.

If you are experiencing video display problems with this program, there are S
two ways to correct this problem. One way is to contact your computer vendor

6 Chapter 2 Instaling GEOSITE
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for advice and/or to obtain an appropriate graphics driver (*.DRV) suitable for
FoxPro for Windows. W

As an alternative, you may create a special SYSTEM.FOX file to •

temporarily replace the SYSTEM.INI file:

a. From the Windows Program Manager window, click on "Widows Setup."
If the Display line shows: "VGA," close the window and contact your
computer vendor "omputer services department for advice. •

b. Ii the Display line shows other than VGA, close "Windows Setup." Using
the File Manager in Windows, copy the file "SYSTEM.INI" as
"SYSTEM.BAK."

c. Then, open "Windows Setup" again. Click on "Options; Change S
Windows Settings; Display," and select "VGA." Confirm this as the
"Current" driver and then click on "Restart Windows" in the next window.
This creates a new SYSTEM.INI file with VGA as the default video
display.

d. Run GEOSITE again. If the problem still exists, contact your computer
vendor or computer services department for advice.

e. If this solves the video problem (you can now view large graphics in
GEOSITE), run the program. After completion, go to the Windows * •
directory in DOS or use the File Manager in Windows, and rename
"SYSTEM.INI" as "SYSTEM.FOX." Then rename "SYSTEM.BAK" as
"SYSTEM.INI" and restart Windows. This step will reset your
Windows program to its original video environment.

f Thereafter, any time you want to run GEOSITE, rename "SYSTEM.INI"
as "SYSTEM.BAK." Then rename "SYSTEM.FOX" as "SYSTEM.INI"
and restart Windows. At completion, reverse the process (as in item e
above) to reset your system.

Hard Disk Installation-DOS Version

The DOS version of GEOSITE is contained in a 3.5-in. high-capacity
(1.44-MB) diskette. To install the program on drive d: (where d: is any desired
hard drive) and the directory d:\GEOSITE, insert the DOS disk in drive A (or
drive B) and type A:INSTALL a d (or B:INSTALL a d), where d is the target
drive and a is the source drive. Type the command exactly as shown; do not use
a colon (:) after the target or the source drive names. The installation batch file
performs the following tasks automatically. If the batch file does not function
properly, then the following operations can be eone manually:

a. Create a directory named d:\GEOS1TE (d is the target hard drive; you
may use any other unique directory name). Copy all files from the

Chapter 2 lratait GEOSITE 7
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GEOSJTE DOS-version diskette, to the new hard disk directory. The files
are in a compressed (archived) format.

b. For example, to install files from disk drive A: to hard disk C: in directory
C:\GEOSITE, type the following in order:

n±)
C:\ (makes C:\ the default drive)

4 md\GEOSITE (creates new directory)

cd\GEOS.TE (moves to new directory)

The new default drive is now C:\GEOSITE. Place DOS version diskette in
Drive A: and enter

Copy A:N,* (Copy all files on A to C:\GEOSITE)

c. Decompress (unarchive) the files. To unarchive, remain in the
d:\GEOSITE sub-directory and type, in turn:

ARCE FOXDISTR (FOXDISTR.ARC contains the FoxPro
Distribution Kit operating files) and
then

ARCE DOSSITE (DOSSITE.ARC contains all of the
GEOSITE flies) *

d. From within the d:\GEOSITE directory, delete the FOXDISTR.ARC,
DOSSITE.ARC, and ARCE.COM files from your hard disk; they are no
longer needed! Do this by typing:

DEL ARCE.COM (Deletes ARCE.COM)

DEL FOXDISTR.ARC (Deletes FOXDISTR.ARC)

DEL DOSSITE.ARC (Deletes DOSSITE.ARC)

"READ.ME and MANUAL Files

The Windows diskettes and the DOS diskette also contain a READ.ME file, a
MANUAL.TXT, and a MANUALBAT file. These files are provided as a m
convenience to the user in the event this User's Guide is not available. The
READ.ME file contains on-disk instructions for installaion and operation of
GEOSrrE and for printing the on-disk manual using the MANUAL.BAT file.
The manual is an ASCII version (no graphics) of Chapters 1, 2, 3, and 5 of this
User's Guide. If not needed for reference, these files may be deleted from the S
hard disk.

8 Chapter 2 Insailing GEOSITE
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3 Operating the GEOSITE
Program

To start the GEOSITE program in the directory d:\GEOSITE (where d: is the

installation hard drive): 0

a. For the Windows version, two choices are available:

1. While in the Windows Program Manager window, simply click on the
"GEOSITE" icon, or 0

2. While in the Windows Program Manager window, open (click on) the
File menu. In the File menu, click on RUN. The RUN command
screen will appear. On the Run Command Line, type

d:\GEOSITE\GEOS1TE 0

or use the Browse button to locate the GEOSITE.EXE file.

b. For the DOS version, move to the d:\GEOSITE directory. From the
previous example, assume the GEOSITE program files are in the 0
C:\GEOSITE directory, and type:

GEOSITE

This activates a batch file that contains the necessary commands to start 0
the GEOSITE program.

Navigating the GEOSITE Program

The w•,olwing s--,i-o-Eoal preasentaton discusses the various input and 0

conclusion screens contained in GEOSITE. The figures contain captured
copies of Windows version graphical screens. The character-based DOS screens
contain the same information, pose the same questions, and contain the same
data-option choices, but do not have the Windows graphics effects and fonts.
However, navigation of both versions is exactly the same unless specifically S
mentioned.

ChapW 3 Operating OW GEOSITE Program 9
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The user interfaces with GEOSITE through a series of display screens. Three
groups of screens are used:

a. Introductory Displays. The Introductory Displays consist of the Title , 0
Display, the Navigation Display, the Purpose Display, the Disclaimer
Display, the Scope Display, and the Regular Investigation Flow Diagram !i
Display.

b, Input/Conclusions Displays.

c. Explanation Text (Discussion) Displays.

Display screen features
0

Each display screen contains one or two sets of control buttons. A button is
activated by:

a. Using a mouse to click on a push button or to select a button from a radio
button group, or _

b. Using the keyboard arrow keys and / or the < TAB > key to highlight the
preferred button and pressing < ENTER >.

Where options are presented for the user's choice of input data, activation ofa data-option button causes GEOSITE to acknowledge this as the user's choice 0 S
and proceed to the next display screen. The bottom panel of each screen
contains from one to four of the following buttons, as needed, to alter the normal
flow of questions and conclusions:

a. < BACK > or < RESTART > causes the program to return to an earlier 0
display.

b. <NEXT> is used to continue the program when data-option activation
buttons are not present.

c. < DISCUSSION > causes a temporary halt in the program and the display 0

of the Discussion Topics screen (see discussion of this topic at the end of
this part of the report). Clicking on the upper left comer of the screen, or
using the < ESCAPE > key, will return control to the program.

d. < PRINT REPORT > (on the Testing Methods Screen only) cau.. the

program to print a report containing the information shown on that screen.

e. < QUIT > causes the program to terminate. May be used at any time to
return to Windows or DOS.

10 Chatlr 3 Operating the GEOSITE Programn



Title and Navigation screens

The first screen to appeal i,. the Title screen, providing two choices in the
control bar at the bottom. For one or more runs, the user may choose to viewthe
Introductory screens described above by activating the < INTRODUCTORY
SCREENS > button. These are followed by the Objective Screen.

As the user becomes familiar with the program, the introductory displays can
be bypassed by activating the button marked < QUICK START >. This choice 0
bypasses the Introductory screens and leads directly to the Objective Screen.

REGULAR (Complete) INVESTIGATION

Sampling and testing for i--sitJ strength and
matog.r l identification propsrsos,

bLLIIMIED TO DENSITY TESTING ONLY
Sampling andlor field testing tor determination•

of i n-situ density only.

LIMITED TO FINDING ROCK SURFACE ONLY
Location ot the top of rock or hard surfacy o
belos soil overburdeno

I• MATERIAL IDENTIFICATION TESTS ONLY

S~Recommended laboratory/and field expedient

Figure 1. Choice of objective for the GEOSITE guidance
session

Objective screen

The Objective screen, Figure 1, lists the possible objectives of the GEOSITE 0

guidance program, The user selects from:

a. REGULAR (Complete) INVESTIGATION--The selection of sampling,

and testing methods for in situ strength and material identification
properties.•

b. LIMITED TO DENSITY TESTING ONLY-The selection of field
sampling and testing methods for in-situ density only./

c. LIMITED TO FINDING ROCK SURFACE ONLY--The selection of

methods useful in the search for the surface of a hard layer or rock below

soil overburden.

SChapter 3 Operating the GEOSITE Program 11
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0

d. LIMITED TO MATERIAL IDENTIFICATION TESTS 4
ONLY. -Recommended laboratory and/or field expedient tests for
material identification properties. 0a,

Each choice on the Objective Screen leads to the Sediment Type Screen.
After that, GEOSITE proceeds to the appropriate screen(s) for the chosen
objective.

an or ALL .mm commnf' oma ns. e•mm

(011e1A oder 3i bosh or)*:tt*.. w mtl mi ned

edmolt tyeI .hci~ yomsletly deumedumoe to hig

FiguvirHe s2l. Sdinhentr type seconcllreelni

Sedimen type screeninsmevryOe ad

be epectd. his nfomatin m Stpomey from wa teracotuen sarch oark cdesl
stud," e.,thereserchof aloeigtng c (pr or) geolshogic t aml e and geotechica
informationSof abou tese.Tirsac har m lay be supplementediwith geophysica

session. ~ ~ ~ ~ rael Ifnd oor thsoeseiettpeilxe te wto be apresibent eahleo sit

thereu eplacirhay bey ptuned (e r p nt " Io n be lowin),.a
untilthemstdoesgirab selecto ind, io silt Wcth

ke epmotra of successiesuctiina 3' max. slo.
knweg aefralojc Groins retr3" (7t o TypihJliy msixed

typsCompaUssNd cla (shale) or , o--onke cemigte

a. Fluid Mud. S~es no

soil. HHi glmpressv strength loss than rock.
Rack is solid with complesivestre~ngth ova
100 o ko CIO Taff. CowlOII in Inoffshore real.

Figure 2. Stidiment type selection screen

Sediment type screen 0

In addition to an objective, GEOSITE also must know the type of sediment to

be expected. This information must come from a literature search or "desk
study," .e., the research of all existing (prior) geological and go3technicalinfformation about the site. This research may be supplemented with geophysical
studies of the site. GEOSITE is limited to one sediment type per guidance
session. If more than one sediment type is expected to be present, each deposit
must be evaluated separately and the recommendations combined into a coherent
plan for that site. This may require several runs with the trial of various options
until the most desirable selection is found. It is recommended, in this case, that
the results of each case be printed (see report print option below), as GEOSt• •
does not keep track of successive trials.

The knowledge base for all objectives is restricted to the following six
sediment types and UNKNOWN, as shown on Figure 2:

a. Fluid Mud.

b. Highly Organic Soil.

12 Chapter 3 Operating the GEOSITE Program•
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c. Cohesive (Clayey) Soil.

d. Friable Mixed-Grain Soil.

e~. Cohesionltss (Coarse) Soil. )

fBou Iders and Cobbles.

g. Shale or Cemented Soil .

h. Rock or Coral.

i. UNKNOWN.

If UNKNOWN is chosen, GEOSITE displays a message direcdng the user to
obtain more complete information before continuing.

reasm ms F mcPd MV '-

anUbwao 0 (4m ills I

Figure 3. Flow diagram of GEOSITE complete Investigation0
program

Regular (Complete) Investigation Displays

The conduct of a Regular (Complete) Site Investigation guidance session
follows the flow diagram shown in Figure 3, which is a copy of the Complete
Investigation Screen, one of the Preliminary Screens.

Chaptehr 3 Operating the C3EOSITE Program 13
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Sampling display

For the selected sediment type, the SAMPLING knowledge base is queried
for the suitability of each of a fixed list of eight samplers in the Sampling Query, 0
and the rule statement is:

IF the sediment type is:
THEN the suitability of the.. (each of the following) ...

SAMPLING method is:

The eight generic sampler types used in the current version of GEOSITE are:

a. Thin Wall Tube Sampler, Undisturbed.

b. Core Barrel Sampler, Undisturbed.

c. Split-tube Drive Sampler, Disturbed.

d. Vibrating Tube Sampler, Disturbed.

e. Gravity Projectile Sampler, Disturbed.

f Bucket Auger Sampler, Disturlx"4 .

g. Surface Grab Sampler, Disturbed.* *
h. Powered Scoop Sampler, Disturbed.

fwv~w IMM"WttCoheslonless Sol ~ '"g000015Y.f 1,

40

O.K. frepesnall~ sampless 0

14 Ch..-epenaptier sa Oplerain th0EST rga
JIF~ AM l~m doya v~u~ar aneultWSTLENGTH0

Fiur 4._ Sape sutblt scren

14Catr3Oeaig h EST rga



Ii ~ The results are shown on the SUITABILITY OF SEDIMENT SAMPLERS4
screen, Figure 4, that displays each sampler name and its suitability for the
selected sediment type. Perhaps all of the sampling methods are suitable, or
perhaps some are not, depending on the selected sediment type. The suitability 0
of each is given in a short message to the right of the sampler name. The
unsuitable ones are marked "NOT SUITABLE."~ Further discussion of the
various samplers is given in the "Discussion" screens. The user selects one of
the samplers for guidance in suitable strength testing methods to accompany the
chosen sampling method. In the unique case of Fluid Mud, one special screen
displays the sampling method and strength testing methods suitable for that
consistency and composition of material.

Testing display

For each combination of sediment type and sampling method, the TESTING
knowledge base is queried for the suitability of each of a fixed list of 18 strength
testing methods in the Testing Query, resulting in the following rule statement:

IEF the sediment type is:
AND the sampling method is:
THEN the suitability, confidence factor, and utility factor of the ...

(each of the following) ... STRENGTH TEST method are:

Test type screen

Because of space limitations on the screens, the strength test methods have
been sub-divided into three groups, each shown on a separate, but similar,
conclusions display. The user's choice is made on the Test Type Screen,
Figure 5.

Confidence and utility factors

No attempt is made on the testing guidance screens to recommend one
method over another. However, two judgement factors, based on the 01
developers' personal experience, are given for each test method: a confidence
factor and a utility factor. A Confidence Factor is defined as the relative
accuracy and precision of a strength testing method compared to the other
methods in the group. A Utility Factor is defined as the relative efficiency of a
testing device in terms of time and money cost, including difficulty of
mobilization of equipment at the site, time for makin~g a test, complexit y of test
method, and need for securing a sample using a different device. The factors
range from zero to 10, with 0 being lowest and 10 being highest.
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i!For the sudhmarn• ty: Cohesionless Soil•

,tbich t•w p1 aonipanying STRENGTH TEST
fo- y uida~kc] anII " .,flu ETHOD do you want guidanoce for? .

Fu . S co Field tests for the shear strength of a
•i sediment in-situ (in place).

iLaboratory shear strength tests of a
i sample of the sediment.

If,,oFigue5,theNone -F No tests of in-situ strength needed
mre"NTS TAL"Th this investigation.

S,• ~" orgukanm= an a diffqmit SEOINENTTYPE, velkid, = L'J,.-

oGESTEviw and icdeod s lonof w and oare:toplos, s@Wd,¢SCUSSION; •

aSnFigure 5. Selection of strength test type

b.Soils field strength tests

If, on Figure 5, the Field Strength Tests choice is made, the Field TestS~Methods Display is shown, as in Figure 6. Those that are not appropriate are
'•: i•1:i!-[marked "NOT SUITABLE." The eight strength test methods used in this version• O

:_• of GEOSITE and included on that screen are:

i• a. Standard Penetration Test (SPT).

b. Static Cone Penetration Test (CIPT).

c. Vane Shear Test (VST) of Cohesive Soil.

d. Dynamic Penetrometer Test, Thick Wall Tube.

e. Dynamic Penetrometer Test, Solid Cone.

f Penetration Rate of Vibrating Tube Corer.

g. Deceleration Rate of Gravity Projectile.

V.. .flarA-11U SoL.und.JUinEg LDUUA M-~

Soils laboratory strength tests

If the Laboratory Tests choice is made on the screen of Figure 5, the S
Laboratory Strength Test Methods Display is shown, Figure 7. Those that are
not appropriate are marked "NOT SUITABLE." If any of these is selected, an

16 Chapter 3 Operating the GEOSITE Program
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I)Ftor the cohazsiunlees Soicl and Oisturbod. Sphin-ube Orwv Sample,
the suitability, ofdne and utility of FIELD strnt et is as shown

cwmssc FACTRU - Tie Ideom noxi emil pillai o* bagilei .ed(4

UTILITY PACTOA - b.e"i 10 Wee 141- 205a'e 0l -- 0W9 MAWin ewse. FMcT0

- - ~ - 0 K -,Same device 10 a
01K-Similar doyice, 9 6

0 K but extra lost g 3

0 K but extratlost 10 4

SNOT SUITABLE 0 0

~ ~mg~I, O.K but redundant 6 2
~ ii~~ 0 K. but redundant 5 1

SNOT SUITABLE 0 0

For which oontlmbonatxof SAM PLER and TEST METHOD dow'.' want urther
guidance on samorpler-laest ACCESS METHODS? (Choose one]l
For guidance on a dltfffore SAMPLING DEVICE, select 'BACK*. For a printe 0

Irepor of guidanice forthis sedimeant t"p & saimpler Weldc 4PRINT REPGiRr.

Figure C6 Field strength test suitability screen

For"th Cohesive Sail and Undislurbed. Thin Will Tuba Samnpler
the suitabilitty, confidence., and utiity of LABORATORly stror~rv'llvtsis i -

CONFWIENM ~~ FATR-Th ai" 0Mi omh 611lk

UTM.ITV PIONUS PAU lb eele.m 1.eeCTeeeiaps Sa i
-W 0 810ifn= I * ImiiuA o n o -e

O.K 10 4

0K.9 8

NOT SUITABLE 0 0

0 .4 10 6

NOT SUITABLE 0 0

For which combination of SAMPLER aid TEST METHOD do you wivit further.
gquidlarie on swmnpler-ftst ACCESS METHODS 9 (Choose oneL --.
or" g'idarm an a dIffoeiren SAMPLING DEVICE. soled *BACKt". P oraprsne

eport of guda W "fortts sdiriment &y r eeloctPRIN REPORT.

Figure 7. Laboratory strength test suitability screen

error message appears. The five strength tetmehdsue ill GEOS-iTE and
included on that screen are:

a. Compression Test of Undisturbed Cohesive Sample.

b. Vane Shear Test of Cohesive Sample.

Chapter 3 Operating Itie GEOSITE Program 170
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c. Compression Test of Thick Wall Tube Cohesive Sample.

d. Hand Penetiometer/Torvane Test of Cohesive Sample.

e. Direct Shear Test of Re-densified Sand Sample.

Rock strength tests
0

If the Rock Strength Tests choice is made on the screen of Figure 5, the Rock
Test Methods Display is shown, Figure 8. Those that are not appropriate arectmarked "NOT SUITABLE." If any these is selected, an error message appears.

The five strength test methods used in GEOSITE and included on that screen are:

a. Laboratory, Unconfined Compression Test of Rock Core.

b. Laboratory, Splitting Tensile Test of Rock Core.

c. Laboratory/Field, Point Load Test of Rock Core.

d. Field, Diver Operated Rebound Hammer Test of Rock.
e. Field, Drilling Parameter Recorder Test (DPR).

Figur Shae 8 Rocksrength test So itW abilityd sCore Hren

U.K.* 00

C00

Figure 8. Rock strength test suitability screen

Further testing guidance

From any of the Strength Testing Methods displays, the user can select one of
threc courses of action:

18 Chaptar 3 OperabVg the GEOSITE Program
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a. Use < BACK > to return to the Sediment Type Display, the Sampling 0
Display, or the Test Type Display to choose a different set of antecedents
(different IF-AND- statement);

b. Use < PRINT REPORT > to print a report of the contents of all of the
current Testing Methods screens; or

c. Select one of the suitable testing methods and move on to guidance about
suitable methods for accessing the sampling and testing depth. S

Print report display

If a printed report of the Test Method conclusions is desired, press the
< PRINT REPORT > button. This causes the screen of Figure 9 to appear.

That screen requests optional input of the user's name, organization, and project
to appear on the printout. It also lists the current choice of Sediment Type and
Sampler. Pressing the < PRINT > button on the Print Report screen then causes
a printout of ALL testing method conclusions for those antecedents, i.e., the
Field Tests, the Laboratory Tests, and the Rock Tests. After the printing, the S
user is returned to the calling Strength Test screen. (NOTE: Printing in the
Windows vers'nn of GEOSITE is controlled by the Windows "Print Manager."
In the DOS version, GEOSITE directs the print command to the default printer.
For troubleshooting, refer to the Windows or DOS manuals, as appropriate.)

11 .......... IN , .......

A summuy report will be printed containing the following personalizing

Information (please type In spaces shown):

Users Name: (so spaces maximum)

Organization: (30 spaces maximum)

Project: (oo spaces madm•.ur

Date: (Today's date. Modify for different report date)

0
and Will contain a summary of ALL guidance for strength test methods
that are feas•is" and appropriate for the following:

Sediment naMe: Shale or Cemented Soil

Samping Device: Undisturbed. ore 1Barrel Sampler

Figure 9. Report information input screen

Chapter 3 Operating the GEOSITE Program 19
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I)Access methods display

For any chosen combination of sediment type, sampling method, and strength
testing method, each of six general methods of accessing (reaching) the sampling 0
and/or testing depth is evaluated in the ACCESS knowledge base using the
Access Query, resulting in the following rule statement: ()

IF the sediment type is:
AND the sampling method is:
AND the strength testing method is:
TFIEN the suitability of the... (each of the following)... method

of ACCESSING (reaching) the sampling / testing depth is:

The generic types of sampling/testing depth access methods used in this

version of GEOSITE and used in the Access Query are: •

a. Surface Sample or Test.

b. Machine Dug Pit or Trench.

c. Cased Boring, Machine Operated.

d. Cased Boring, Hand Operated.

e. Hollow Stem Auger, Machine Operated. * •

f Self-Penetrating Sampling/Testing Device.

The suitability of each of the six access methods is shown on the METHODS
FOR ACCESSING SAMPLING AND TESTING DEPTH screen, 1-igure 10.
There is a group of test methods, listed in Testing Query above, that includes
deviczs that are self-penetrating, i.e., for which no boring or pit is needed. Their
suitability is grouped under the general heading of Self-Penetrating Sampling/
Testing Devices.

After viewing the guidance on access methods, the user chooses one of the
access methods for guidance on suitable fieldwork platforms. First, however, the
user is asked about expected water conditions at the exploration site.i

Water conditions display
Evaluation of work p~zform0 suitability involves consideration of the water

roughness and current velocity. These are selected from among the choices
given on the WATER CONDITIONS AT THE SITE screen, Figure 11. Water
depth was not considered a significant factor because, at present, dredging site
investigations are rarely done in water over 15 m (50 ft) deep.

20 Chapter 3 OperaUng the GEOSITE Program
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AND and the current speed is: (Slow, Fast)
THEN the suitability of the ... (each of the following) ... type of

FIELDWORK PLATFORM is: I
The types of field work platforms considered in the Platform Query in this

version of GEOSITE are:

a. Bottom (Spud) Supported Surface Platform.

b. Bottom Supported Submersible Plat~formn.

c. Ship, With Swell Compensating Devices.

d. Sinall Boat or Barge.

e. Diver, Operating From Surface Vessel.

Guidance concerning these platforms is shown on the SUITABILITY OF
PLATFORMS FOR SAMPLING AND FIELD TESTING screen, Figure 12.
After viewing that screen, the user may choose to go to the < NEXT > guidance0
display, the materials tests screen.

Par~ ~ ~~~~~~~_ _L~m~ u1a as ae Br.Mahn perated

Them ýot ws wo**k p atrumtig~ adIeni

BOTTOM SUPPORTED SURFACE PLATFORM t
St" P. pIm~ Ior all conditions; W"n Consuming to moW..

BOTTOM SUPPORTED SUBMERSIBLE
NOT SUITABLE

LARGE SHIP WITH SWELL COMPENSATORS
Marinially suisahI.; @%4M mnovemnmt ruai~ve to "hud SMIl cuing.

SMALL BOAT OR BARGE. ANCHORED
Marginally seiabale; eftit rnm~feaM reative to 4ad dalI owing.

LDIVER. OPERATING FROM SURFACE VESSEL

Figure 12. Sultability of work platforms sceeen

Materials tests display

As the final guidance screen in the Regular Investigation series, the selected
sediment type is used to query the MATTEST (materials testing) kn~owledge
base using the Mattest Query, with the rule statement:

22 Chapter 3 Operating the GEOSITE Program
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IF the sediment type is:
THEN the suitability of the .. . (each of the following) .

MATERIALS IDENTIFICATION TEST is:

The suitability of each of the following eight common, standardized methods
for deterrmining the identification properties of a sediment is shown on the )
APPROPRIATE MATERILSU IDENTIFICATION TESTS screen, Figure 13.

a. Coarse grain sizes (mechanical sieve analysis).

b. Fine grain sizes (hydrometer, decantation, pipette).

c. Atterberg limits.

d. Ash content test for organics. 40

e. Water content.

f. Specific gravity of grains.

&. Visual-Manual graniular soil tests.

h. Visual-Manual cohiesive soil tests.

-~~~~ SK~ Mae ueI l.t FrIabl. Mbtsd Grain Soil

COARSE GRAIN SIZES BY SCREENING (SIEVE ANALYSIS):
halbamble: weeshI for dwksmau~aio al medPlu troe k-.GipwpbFINE GRAIN SIZES BY SEDIMENTATIONT (HDRO5M ETER.
Not m..dod in UISC5. bIs waght fm 14o 0u sil mad doby cooftot.

ATTERBERG LIMITS TESTS (LL P1).
ladicmor W del'lwp !!1 mokmt awed In USCS elmes.Nlcmo.

ORGANIC CONTENT TEST.

FSPuECI 13.RuiAVIlTY OF matRAIdetNiaSn:et sre

method, U& sap ing emethdand aess methoid fora thd er as"RieguasCopee

Ine Figureion." Siaiiyo aeilIdniiaintsssre
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Density Display

If the LIMITED TO DENSITY TESTING ONLY objective is chosen and a
specific sediment type is selected, the DENSITY knowledge base is queried for0
the suitability, for that sediment type, of each of six methods, as shown in the )
Density Query, and the rule statement is:

11F the sediment type is:
THEN the suitability of the ... (each of the following).. . FIELD

DENSITY TEST method is:

GEOSITE, in its present version, evaluates the sediment type and the
suitability of each of the following methods is shown on the METHODS FOR
MEASURING IN-SITU DENSITY screen, Figure 14:

a. Field, Geophysical Acoustic Impedance.

b. Field, Static Nuclear Gauge Probe.

c. Field, Towed Nuclear Gauge.

d. Laboratory, Undisturbed Tube Sample.

e. Laboratory, Drilled Rock Core.

fLaboratory, Resuspended Density of Sand.

,,'erta ~irM~po;.Coher.;Ionsus Soil
Thif asu~tIIt of asm.4Iids otuo d.awn &t winyle

FIELD. GEOPHYSICALACOUSTIC INPEDANCE:
Very approplat.: needs ground Wut, density fasts for callbrelon.

FIELD. STATIC NUCLEAR GAGE PROBE:
Very good: some disturbance; must not1 be too domes for probing.

FIELD. TOWED NUCLEAR GAGE PROBE:
NOT SUITABLE - oediment Is Not suffiidently Slad for entry of daves.

LABORATORY, UNDISTURBED TUBE SAMPLE:
NOT SUITABLE - elmost im~possible to obtain undisturbed smanpa with tisea

LABORATORY DRILLED ROCK CORE:
NOT SUITABLE

TLAORATORY. RESUSPENDED DENSITY OF SAND:
UssuI only for isd~n La Sold densilty of clamn (noa day dry aned.I I , F wg on adt SEDIMENT 6,.. 41110 4 IRESART .

Figure 14. Field density test methods screen
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Rock Surface Display

If the LIMITED TO FINDING ROCK SURFACE ONLY objective is chosen
and a specific sediment type is selected, the ROCKSURF knowledge base is
queried for the suitability, for that sediment type, of each of five methods using

) the Rock Surface Query, using the following rule statement:

IIF the sediment type is:
THEN the suitability of the. .. (each of the following) . .. method0

for locating the SURFACE OF ROCK OR A HA7,) SOIL is:

GEOSITE evaluates the sediment type and displays the suitability of each of
the following five exploration methods on the METHODS FOR LOCATING
ROCK SURFACE screen, Figure 15:0

a. Geophysical-Acoustic Impedance, Seismic, or Equivalent.

b. Dynamic Penetrometer-SPT, Thick Wall Tube, Solid Cone, or Similar.

c. Static Penetrometer-CPT or Similar.

d. Hand-Held Sounding Rod, Water Jet, or Similar.

e. Penetration Rate of Vibrating Tube Corer or Similar.

*00

~Ierie ~jbu~a~eeu~~ohoivuSoil

GEOPHYSICAL-ACOUSTIC IMPEDANCE. SEISMIC, OR EQUIVALENT:
First approclmation; wide area. easy continuous coverage: lacks precision.

DY7NAMIC PENETROMETER - SPT. THICK-WALL TU BE. SOLID CONE.
OR SIMILAR:

Useful: precise: requires steady' surface platform and heavy drop weight.
STATIC PENETROMETER-CPT OR SIMILAR.

Useful; surface or submersible platform. requires hea" reaction weight,
HAND-HELD SOUNDING ROD. WATER JET. OR SIMILAR:

Useful, predci In sottloose overburden, can be operated from small boat
PENETRATION RATE OF VIBRATING TUBE CORER OR SIMILAR DEVICE:

Useful: precise. in soft/loose overburden, can be operated from small boat'

Figure 15. Finding rock surface methods screen
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Discussion Facility

Activation of the < DISCUSSION > button at the bottom of any of the
displays causes the control program to display a menu of explanatory texts that A
pertain to site investigations for dredging projects. Each text is intended to . . (~
present a discussion of the antecedents (IF7-statement) or an explanation of the
conclusions (THEN-statement) and rules used in the knowledge bases. Care is
taken to differentiate between factual information and the experts' 4
interpretation(s) of the facts.

Because of the differences between the Windows graphical environment
and the DOS character-based environment, two formats of the

in DISCUSSION facility are used. The text portion of both formats is
identical. However, the Microsoft Windows version includes graphic line
drawings and pictures that are not possible in the DOS version. The topics

2 included in both discussion facilities of the present version of GEOSITE are
listed in Table B-i1, in Appendix B.

Windows-style discussion facility

The Windows version discussion topics are displayed in the Window.% frma
help facility database titled SITEHELP.HLP. The Main Menu is first displayed,
showing the major topic headings in green (or the default color of the HELP
facility in your Windows setup). By clicking the mouse pointer on any of the
major topics, a Sub-Menu for that topic is displayed. Clicking on any of these
green colored topics will display the text and graphics of that topic.

Three control buttons at the top of the screen are used by Windows. The
< BACK > button will cause a return to the previous screen. The Main Menu is
accessed at any time by choosing the < CONTENTS > button. Clicking on the
button marked < HISTORY > displays a record of all screens viewed during a
"help" session.

There are two ways to EXIT the discussion facility. First, by either double-
clicking on the (--) button at the upper left comner of the screen or by single-
clicking the button and choosing "Close." The second method involves clicking
on the word "File" in the Menu Bar, and then choosing "Exit."

The contents of any of the topics can be printed by clicking on the word
"File" in the Menu Bar. Click on the menu choice of "Print Topic."'

DOS-style discussion facility

The DOS character-based discussion topics are contained in a Microsoft
FoxPro 2.5 database titled SITEHELP.DBF. The format of the database of
discussion topics is that dictated by the internal format of the FoxPro Help
Facility. Clicking on "Topics" causes a display of the topics in the facility. The

text of any topic can then be displayed by clicking on the topic name or by
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highlighting the topic name using a cursor and then pressing < ENTER >. The
Discussion Facility may be exited by clicking on the upper left comer of the
screen or by pressing the < ESC > button on the keyboard.

Topics available in the GEOSITE discussion facility

The topics included in both the GEOSiTE Windows version and DOS version
discussion facilities are given in Appendix B, Tables B-I through B-9.
Tab!e B- 1 is the Main Menu and the following tables are the Sub-Menus.

* 0

0
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4 The GEOSITE Programming
Environment

This part of the Users's Guide contains background information used in the
development of the GEOSITE program. Topics discussed are: (1) knowledge- 0

based expert systems in general, and (2) the reasons for selection of the
Microsoft FoxPro operating environment as an expert system shell.

Knowledge-Based Expert Systems I

A Knowledge-Based Expert System (KBES) uses expert-derived rules for its
solutions. The rules can incorporate and process judgement, experience,
empirical rules of thumb, intuition, and other expertise as well as proven
functional relationships and experimental evidence. During a guidance session, a 0 *
KBES such as GEOSITE searches its knowledge bases through a chain of IF -
THEN rule statements. The logic of the arguments of the IF-statements may be
either English words or phrases or numbers. The path through the matrix of
rules is not pre-detennined; rather, the path depends on the specific questions
and on the user's replies, each of which lead to the next question and the next list
of possible replies. 0

In the KBES form used in GEOSITE, the program asks one or more
prerequisite IF-questions, after which the answer(s) are used to select and search
the correct knowledge base for the appropriate THEN-solution or group of
solutions. Then, another one or more questions are asked and the answer(s) 0
again are used to select and search another appropriate knowledge base. This
questioning, selecting, and searching process continues until all of the pertinent
questions have been answered or the user chooses to quit.

Expert systems generally contain a group of independent, but interrelated,
components as shown on Figure 16. The User Interface interacts with the User,
employing an on-screen dialog for communication. When available, an on-
screen "Help Memo" provides helpful information for making selections.
Screens are also used to display the conclusions reached by the program. The
Control Program and Inference Engine unit contains the control information that
directs the flow of questions and conclusions. The program provides for 0
interaction between the User Interface and the Antecedent (Context) Memory.
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Figure 16. Components of a knowledge-based expert sj item

The Control Program-Inference Engine mechanism is independent of the
knowledge base, permitting modifications and additions to the conclusions S
contained in the knowledge base without modifying the program. The
Antecedent Memory, often called the Context, is a temporary memory containing
the current answers to questions. The words, phrases, or numbers in Context
must be standardized terms to match those in the knowledge base. The
Knowledge Base contains all of the IF-THEN rules that are queried by the
Inference Engine using the Antecedents stored in Context. The rules satisfying
all of the antecedents are stored in Conclusions Memory, available for display on
one or more Conclusion Displays at the User Interface.

Selection of the Programming Environment

GEOSITE uses a forward-chaining, or data-driven, problem-solving strategy,
The knowledge representation is rule-based, each rule consisting of an "IF-AND-
antecedents ... THEN-conclusion" statement. One rule exists for each of the
total, finite number of options in the antecedents. 0

In the present version of GEOSITE, there are 3,780 rules in the 7 knowledge
bases. Ideally, each unique set of antecedent options leads to a single
conclusion. In the SAMPLING knowledge base, GEOSITE reaches
9 conclusions (one for each generic sampler type) for each of 8 sediment types,
for a total of 72 rules. For each of the 18 generic strength test methods in the
TESTING knowledge base, GEOSITE reaches 3 conclusions (suitability,
confidence factor, and utility factor), for a total of 54 conclusions for each
combination of sediment type and suitable sampler, resulting in 2,754 rules.
There are 582 rules in the ACCESS knowledge base, with 6 conclusions for each
of 97 combinations of sampling device and testing method. There are 220 rules 0
in the PLATFORM knowledge base, with 5 conclusions for each of
44 combinations of sampler/test method, water roughness, and current strength.
The MATrEST knowledge base contains 64 rules, for 8 sediment types and
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The MATTEST knowledge base contains 64 rules, for 8 sediment types and
8 conclusion fields. In the DENSITY knowledge base, there are 48 rules, with
6 conclusions for each of 8 sediment types. And the ROCKSURF knowledge
base contains 40 rules, 1 for each of 8 overburden sediment types with 0
5 conclusions for each.

The programming environment chosen for the development of GEOSITE was
the Microsoft FoxPro Relational Database Management System, a product of the
Microsoft Corporation, Redmond, Washington. FoxPro offers several desirable
features:

a. FoxPro is a cross-platform application, permitting the user a choice of
either the MS-DOS or the popular Windows environment. FoxPro 2.5 for
MS-DOS and FoxPro 1.0 for Windows are parallel systems, sharing
control programs and databases. Display screens are also useable in either •
environment, although the graphical screens of Windows can use
enhancements not available in MS-DOS displays.

b. The software vendor, Microsoft Corporation, is a large, secure company
that is expected to be available for help and for future upgrades of the
system. The Microsoft Disk Operating System (MS-DOS) and Microsoft
Windows are from the same company, ensuring cross-platform
compatibility.

c. Knowledge can be represented in a database format (.DBF). The format
used in FoxPro is compatible with the Borland dBase Ill and dBase IV 0
databases. FoxPro can also import files from other popular software
packages such as Framework II, Microsoft Multiplan, Borland Paradox,
Lotus/Symphony and compatible spreadsheets, and Microsoft Excel. Any
of these programs can then be used to access, and to modify, the
knowledge bases (databases) in GEOSITE.

d. FoxPro contains a number of useful development aids, such as a screen
development program, standard Xbase database programming, and a
transporter program for converting, if desired, between MS-DOS and
Windows screens.

e. Run-time versions of the programs (DOS and Windows) are distributed to
users with the Microsoft FoxPro Distribution Kit for DOS and the
Microsoft FoxPro Distribution Kit for Windows. A one-time fee for each
Distribution Kit permits an unlimited number of distribution copies.

Even though GEOSITE was developed using a database management
package, Microsoft FoxPro 2.5, it is still considered a KBES. The databases
used in the inferencing contain subjective expert information compiled by the
developers. Conclusions are reached using an inference mechanism and IF -
THEN rules s, nilar to any other expert system. In addition, GEOSITE is highly
interactive, u, friendly, and contains an on-line help facility, which are all
essential features of a KBES.
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Relationship to Published Reports

A KBES is, in effect, a technical report that has been placed into a -
computerized question-and-answer format. All of the information could,
alternatively, have been contained in a written and published report. However,
a computer-based KBES has certain advantages over the printed document:

a. The sequence of questions is expert-guided for each specific task. The
user provides answers to the questions from an exhaustive, but limited, set 0
of correctly phrased answers, using standard terminology. When all
necessary questions have been asked, and answered, the appropriate
knowledge base is searched for all valid conclusions that can be derived
from the problem context. The conclusions are presented on screen and,
in some instances, can be printed. 0

b. It is simpler, easier, and faster to use than a published report. Pages
appear on screen quickly rather than requiring hunting for the contents or
index, then searching for the exact page, or pages.

c. The knowledge recorded in the knowledge base can be easily edited and 0

modified to accommodate new research findings or local experiences,
permitting the issuance of easily-made upgrade versions of GEOSITE on
microcomputer diskettes. The text information contained in the readily-
accessible "Discussion" topics can also be easily added to or changed.
This does not imply that the user will be able to modify the control 0 0
program or the knowledge base directly. Only the official, development
version under the control of the developers or the program administrators
will be capable of being modified.
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5 Modifying and Upgrading
GEOSITE

Knowledge-Based Expert System programs such as GEOSITE have no
completion point; there is always more knowledge that can be added and there 0
are more conclusions that can be drawn. The program details that are presented
here are intended for use in the preparation of future upgraded versions of this
program.

The program diskettes accompanying this User's Guide are read-only, i.e., 0
any changes entered onto the display screens during a guidance session cannot be
stored. The original, development version of the program can only be modified
by using the Microsoft FoxPro 2.5 Relational Database Management System.
The original program diskettes reside with the Manager, Dredging Operations
Technical Support, USAE Waterways Experiment Station, 3909 Halls Ferry
Road, Vicksburg, MS 39180-6199.

The rules developed for GEOSITE represent knowledge and expertise that
were developed through professional experiences and research studies and,
therefore, reflect the personal biases of the developers. It 's most desirable that
the present rules be critically reviewed by other geotechnical engineering and
dredging experts and expanded or modified, as needed. In the ideal knowledge
base, there are multiple expert j either reinforce each other or present valid
alternate solutions to problems.

It is ,equested that users evaluate the program's usefulness, the screens, and
the conclusions. There are many questions that can be asked by the developers.
With the conclusions that are stored in the Conclusions Memory after a query,
are there any other conclusion displays that would be meaningful? Are there any
other conclusions that should be drawn from the antecedents? Is the information
containrd in the Conclusion Displays sufficiently complete that the user can
understand and then utilize the guidance correctly? Are the program and the
displays user-friendly? What else can, or should, be done to improve the
usefulness of the GEOSITE program? The proposed changes should be sent to
the Manager, Dredging Operations Technical Support at the address given
above.
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Appendix A
Files Contained in the
GEOSITE Distribution
Diskettes

S

The following listing shows all of the files contained on the distribution
diskettes for GEOSITE. If any of these files are missing or corrupted on your
diskette, please contact the Manager, Dredging Operations Technical Support at S
the USAE Waterways Experiment Station, Vicksburg, MS.

DOS Version of GEOSITE

DOSSITE.ARC All of the GEOSITE program files.

FOXDISTR.ARC All of the FoxPro files needed to run program.

GEOSITE.BAT Provides automatic running of the installed
program.

INSTALL.BAT Provides automatic installation from a diskette.

MANUAL.BAT Provides automatic printing of the on-disk manual. 0

ARCE.COM Uncompresses the *.ARC files

READ.ME Conains on..aisk instructions.

MANUAL.TXT Contains an on-disk, printable ASCII version of
this User's Guide (without graphics and without
Chapter 4) as a convenience to users when this
Guide is not available.

A
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Windows Version of GEOSITE

DISK NO. 1: DISK NO. 2: 0

_mssetup .su_ geosite2 .ex$
_mstest .ex- foxw2502.es$
commdlg ..di_ foxw2503.es$
config .fp$ foxw2504.es$
ddeml .dl_
foxfont .fo$
foxprint .foi
foxprint .tt_
foxuser .db$
foxw25Oa.es$
geosite .ex$
mscomstf.dl_
mscuistf .dl_
msdetstf .dl
msinsstf .dil 0
msshlstf .dl_
msuilstf .dl
olecli .dl
olesvr .dl_
query-a .db$ 0 *
query.d .db$
query.m .db$
query-p .db$
query r .db$
query.s .db$
queryjt .db$ 0
setup .exe
setup .in_
setup .inf
setup .1st
setup .ms_ •
shell .dl-
toolhelp .dL
ver .dl_

In addition, both diskettes contain th,. following text files that can be read
diroctly from DOS )r from Windows. To view the readme file or the manual in
DOS, go to the DOS prompt and type either: TYPE READ.ME /P or TYPE
MANUAL.TXT /P. In Windows, use the NOTEBOOK to view.

read .me
manual .bat
manual .txt
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Appendix B
GEOSITE Discussion Topics

Topics included in the GEOSITE discussion topics facility are shown in
Tables B- I through B-8.

ETable BI0MAJOR TOPIC: Planning the Site Investigation Program

iaolscslon Tropc

Geotechnincal site Investigation strategy for dredging projects

Scope of a complete site Investigation programri-samnpling and tasting0

Scope of a limited site Investigation program-Iield density tests only

Scope of a limited site Investigation program-cocic surface survey only

Factors affecting the selection of site investigation mnethods and equIpment

Confidence and utility factors for strength testing mnethods

Equivalence of testing methods

Weight-voiumie relationships for soils

0
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Table B2
MAJOR TOPIC: Description of Sediment Types

Discussion Topic

Overview descriptions of sediment types

Fluid mud

Highly organic soil

Cohesive (clayey) soil

Friable mixed grain soil

Cohesionless (clean granular) soil

Boulders and cobbles

Shale or cemented soils

Rock or coral

Table B3
MAJOR TOPIC: Sediment Sampling Devices

Discussalon Topic S 0

Overview of sediment sampling devices

Undisturbed, thin wal0 tube samplers for cohesive soils

Undisturbed, core barrel samplers for rock and hard soils

Disturbed, thick-wall split-tube drive samplers 0

Disturbed, gravity projectile samplers

Disturbed, vibrating tube ramplers

Disturbod, bucket auger samplers

Disturbed, surface grab samplers

Disturbed, powered scoop samplers (shovel, backhoe, etc.)

Disturbed, liquid slurry samplers
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Table B4
MAJOR TOPIC: Test Methods for In-Situ Strenoth of SedimentsI0

CWcuesion Topic

Overview of test methods for in-situ strength of sediments

Field, standard penetration test (SPT)

Field, static cone penetration test (CPT)

Field, vane shear test (VST) of cohesive soil

Field, dynamic penetrometer test, thick well tube

Field, dynamic penetrometer lest, solid cone

Field, penetration rate of vibrating tube corer

Field, deceleration rate of gravity projectile

Field, hand-held sounding rod test

Field/laboratory, hand penetrometer/torvane test of cohesive sample

Laboratory, unconfined compression test of cohesive soils S

Laboratory, compression test of thick wall tube cohesive sample

Laboratory, vane shear test of cohesive soils

Laboratory, direct shear test of re-densifled sand sample

Rock, unconfined compression test of rock core S
Rock. point load test of rock core

Rock, splitting tensile test of rock core

Rock, drilling parameter recorder (DPR) test
0

Rock, diver operated rebound hammer test
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Table B5

MAJOR TOPIC: Material Grain Properties Tests

Discussion Topic 0

Overview of test methods for material grain properties

ASTM visual-manual tests of cohesive soil

ASTM visual-manual tests of granular soil

Grain size (mechanical) analysis of coarse fraction

Sedimentation (hydrometer) test for fine grain size fracton

Atterberg limits tests

Water content test methods
0

Organic content test methods

Specific gravity of soil grains

Table B6
MAJOR TOPIC: Methods for Accessing (Reaching) Sampling and
Testing Depth • •

Discussion Topic

Overview of methods for accessing sampling and testing depth

Test pits and tenches

Machine operated boring methods

Hand operated boring methods

Hollow stem auger borings

Self boring sampling arid testing devices

0

iS
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Table 87

0MAJOR TOPIC: Work Platforms for Field Sampling and Testing •

Discussion Topic 
i

Overview of work platforms for field sampling and testing

rBottom 
supported 

surfaea 
platforms

Floating platforms

Bottom supported submersible platforms

Diver, operating from surface vessel

Table B8
MAJOR TOPIC: Test Methods for In-Situ Density

Discussion Topic

Overview of field lest methods for In-situ density

Density test of undisturbud tuba sample of soil or rock

Staltc nuclear gauge probe

Towed nuclear gauge

Geophysical acoustic impedance lest

1Resuspended density of sand sample

0

Appendix B GEOSITE Discussion TopIcs B5

[ P



REPORT DOCUMENTATION PAGE OMB No. 0704-0188

PdMC repo** gý bcd this oclaachion WdomamoIs smnased toavs'ug I tow pm neimpu.. kIg 1 e 11V *m br rmvW" khucgaubwh erchk sxar m*gVla datas zc~a, gatnw"andminarftWg
to data n eeded. ind oo nipA le O W01 d revt Wa'g Vie c of i m ln . Send cwmments regardi "g te~ r e sairrais or any W Wlier l od s0 asils 0 1 oa ir of riormatr , kf v eu gsswis

br mduidng t" brden, lo Wahinlo He&a"mn SUrvioes, Diredoab br k"moliar Operatos a"d Rqroras, 1215 Jefferson Davis Htnvay. Suhs 1204, Adrqiw, VA202-4302, and to ti

Owof Managemn and Bud4get. Papurwos R"Adijon ProjW (074-0388), Wai**gto, DC2VSOO.
I AGENCY USE ONLY (Leavo blank) 2.REPORT DATE 3.REPORT TYPE AND DATES COVERED

September 1995 Final report __________________._______________________________

4.TITLE AND SUBTITLE S.FUNDING NUMBERS K.)
GEOS1TE: Geotechnical Site Investigation Methods; User's Guide Work Unit 32471

ALUTHOR(S) -

S. Joseph Spigolon, Reda M. Bakeer

7.PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) B.PERFORMING ORGANIZATION
SJS Corporation, Coos Bay, OR 97420 REPORT NUMBER
Department of Civil and Environmental Engineering, Tulane University,

New Orleans, LA 70118

9.SPONSORINGIMONITORING AGENCY NAME(S) AND ADDRESS(ES) 1O.SPONSORINGIMONITORING
U.S. Army Engineer Waterways Experiment Station AGENCY REPORT NUMBER
3909 Halls Ferry Road Contract Report DRP-95-1
Vicksburg, MS 39180-6199 •

11.SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

12a.DISTRIBUTION/AVAILABILITY STATEMENT 12b.DISTRIBUflON CODE

Approved for public release; distribution is unlimited. •

13.ABSTRACT (Maximum 200 waMoa)

GEOSITE is a knowledge-based expert system that provides guidance, from geotechnical engineering experts, for the
selection of equipment and methods for a subsurface investigation at an individual exploration site for a dredging project. The
GEOSITE program recommends the following: (a) sediment sampling methods, (b) in situ strength testing methods. •
(c) methods for accessing the sampling/testing depth, (d) suitable field work platforms, and (e) material identification tests.
GEOSITE is primarily intended to be used by persons familiar with basic geotechnical site investigation and testing methods,
such as U.S. Army Corps of Engineers civil engineers or engineering geologists. GEOSITE may also be useful to dredging
contractors, either for internal use or for use by a private geotechnical firm in their employ.

0

14.SUBJECT TERMS 1I.NUMBER OF PAGES

Classification Dredging Geotechnical soil sediments 48

Descriptors Excavation 16.PRICE CODE
Dredgeability GEOSITE

17.SECURITY CLASSIFICATION 1,SECURITY CLASSIFICATION 19.SECURITY CLASSIFICATION 20.LIMITATION OF ABSTRACT •

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED

NSJN 7540-01-2B0-5M Standard Form 298 (Rev. 2-89)
Pmuecrd by ANSi 6W. Z39-1i
2W-102


